Chemiluminescence (CL) of peripheral blood from the same donor was recorded after irradiation with various individual laser and superluminous diodes (660, 820, 880 and 950 nm, pulse repetition rates 16, 292 and 5000 Hz) during two periods of acute viral respiratory illness and in normal conditions of health. It was found that precise and statistically significant effects of laser radiation on CL (suppression of the CL) depend on wavelength, pulse repetition rate and dose and can be recorded only in the period of acute illness (i.e. at a certain immunological status of the organism) and there are practically no effects of laser radiation when the blood of a healthy donor is irradiated. The optimal irradiation parameters for suppression of free radical processes in human blood were as follows: dose range 10 3 -10 4 J/m2, pulse repetition rate 292 and 5000 Hz (16 Hz was ineffective). All wavelengths under study had the effect but l = 660 nm was found to be most effective (65% of CL was suppressed).
Introduction
Chemiluminescence (CL) recording is considered as a sensitive tool in clinical differential diagnostics for evaluation of changes in cellular oxidative metabolism. (1, 2) CL may originate from different locations of a cell from both enzymatic and nonenzymatic reactions and is associated with the release of reactive oxygen species (ROS), like the superoxide radical (O -2 ), hydrogen peroxide (H 2 O 2 ), hydroxyl radical (HO -), singlet oxygen ( 1 O 2 ) and their subsequent chemiluminescence reactions with susceptible molecules. (3) (4) (5) CL of phagocytes (e.g. neutrophils, eosinophils, monocytes, macrophages) is connected with a nonmitochondrial respiratory burst (generation of ROS by a NADPH-oxidase system located in the cellular membrane (6, 7) after an appropriate stimulus. Also normal physiological activity of mitochondrial and microsomal fractions of a cell is associated with the release of ROS . (8, 9) The action of various agents of chemical and physical origin makes the CL response of cells vary, or in other words, the amount of generated ROS may either increase or decrease after the treatment. (1, 2, 6) We have demonstrated that the irradiation of murine splenocytes with a He-Ne laser (10) or semiconductor laser at wavelengths from 660 to 950 nm (11) increased or suppressed the spontaneous CL of the cells, the amplitude and the sign of the effect depending on the cellular composition of the spleen.
In the present work we investigated the effect of far red and near IR radiation on the spontaneous CL of the human blood. The method of CL measurement of diluted whole human blood has been successfully used for various clinical purposes. (12, 13) The aim of this work was double. First, we investigated the difference in CL responses of blood to laser radiation depending on the health conditions of the donor's organism. For this purpose we performed measurements of blood of one and the same donor during two periods of acute viral respiratory illness and in normal conditions of health. Secondly, we tried to find optimal light parameters for acting on CL of human blood. As a result of these investigations, in this paper we demonstrate that the strict and statistically significant effects of laser radiation on CL (suppression of CL) depending on wavelength, pulse repetition rate and dose, can be recorded only in the periods of acute illness and there are practically no effects of laser radiation when the blood of a healthy donor is irradiated.
Materials and Methods

Case Report
The peripheral blood of a healthy female donor (26 years old) was studied during two periods (March and September) of acute viral respiratory illness with clinical manifestation of common cold (rhinorrhea, sneezing, nasal congestion with a syndrome of phagotonsillitis without systemic syndrome) and a Herpes simplex lesion on the upper lip In both periods the clinical features as well as the duration of the illness were practically the same. The acute period of the illness lasted 3 days, and a convalescent period of 6 -7 days. The illness resolved without sequelea. No medical treatment was carried out. The measurements of blood chemiluminescence were performed every third day during 28 days from the beginning of the illness. The blood was collected by venipuncture of a finger stick always at the same time of day near 12 noon to avoid circadian fluctuations in the activity of phagocytes. 14
Blood and Smears
Fresh peripheral blood (300 ml) was collected in a heparinized test-tube and diluted 10 times with medium 199. The number of leucocytes was counted and smears for determination of cellular composition were prepared in every experiment. The smears were fixed with methyl alcohol and stained with Giemsa. Two hundred cells were identified in every smear.
Irradiation
A Biotherapy 3ML (Omega Universal Technology, London, U.K.) device equipped with individual 15 mW laser and superluminous diode probes was used as a light-emitting source. The wavelengths used were 660, 820, 880 and 950 nm. The pulse repetition rates and pulse durations were the following: 9 Hz (76 ms), 292 Hz (2.8 ms) and 5000 Hz (0.16 ms). The power density was measured with a power meter (Model 3. Omega Universal Technology, London, U.K.). If needed, one neutral density filter was used to reduce the intensity. Irradiation was performed in 96-microwell plates without lids (well diameter 5 mm) from above, in conditions when the well was covered with the beam. The irradiation time was from 3 to 26 s, and dose, from 370 to 2 x 10 4 J/m 2 . Every well contained 100 ml of diluted blood and was irradiated individually. Both the irradiation and chemiluminescence measurements were performed in a dark room.
Chemiluminescence Assay
Just after irradiation, the samples were transferred to photon counter tubes containing 100 ml of luminol and 100 ml of medium 199. Luminol (Serva, Germany) was used at a 1 mM solution in Na-phosphate-buffered saline, pH 7.2. Kinetic curves of chemiluminescence were measured during 60 -120 min with an ultrasensitive automatic computer-connected and thermostat-controlled (37°C) photon counter (Chemiluminometer CL-3603, Moscow, Russia), which allowed simultaneous and continuous measurements of 36 samples. The results were statistically analyzed using a commercial program, Quattro Pro. (Borland, U.S.A).
Presentation of Data
Chemiluminescence data are given in number of counts per 10 s. Mean and standard deviation were always calculated. The effect of irradiation was documented on a percentage basis. Figure 1 presents typical examples of kinetic curves of spontaneous luminol-amplified chemiluminescence (SCL) of peripheral blood of the donor during the acute period of the illness (curve 1), recovery (curve 2) and in normal conditions of health (curve 3). The blood in the acute period of the illness (the first 3 days) was characterized by a rapidly increasing SCL during the first 40 min of the recording followed by a decrease in the SCL (curve 1). The SCL of normal blood increased very slowly during the first 60 min of recording (curve 3). The convalescent period (approximately from 4th to 9th days of the illness) is characterized by gradual changes in the shape of the CL curve from the first type (curve 1) to the third one (curve 3), as illustrated by curve 2 (the 6th day of the illness). Figure 2 (curve 1) does not show the entire range of kinetic curves of SCL (some examples are shown in the insets) but only one point in it for each day (40 min after the beginning of CL recording). As seen in Figure 2 (curve 1), the SCL at this particular time point was high during the acute period of the illness (the first 3 days), then decreased during the recovery period (approximately 6 days after the acute period) and had returned to a normal level during the 10th day after the beginning of the acute period. The value of the SCL near 1 x 10 4 counts per 10 s is a normal value for this particular donor in our experimental conditions. The changes in SCL were practically the same (within the limits of experi-
Results
Fig 1:
Typical kinetic curves of spontaneous chemiluminescence of blood during periods of (1) acute illness (2nd day);
(2) recovery (6th day); and in healthy condition (13th day). mental error) during both periods of the illness (March and September) . Surprisingly, besides the main strong peak of SCL increase in the beginning of illness, one more peak was detected on the 17th day after the beginning of the illness (Figure 2, curve 1) . The reason for the appearance of this peak is not clear. No clinical manifestations were noticed at that time. One possibility is that this peak in SCL increase can be connected with well-known biological rhythms in cell-mediated immunity. 15 This question, however, needs a special investigation.
The irradiation of blood with various laser probes was found to suppress SCL. The suppressive effect depended both on the phase of illness (and the immunological status of the patient, respectively) and the parameters of the light.
The suppression of SCL by light was very strong in the acute period of the illness (Figure 3 a, b) . Figure 3a presents kinetic curves in absolute values, and Figure  3b , the same curves in percentages.
During the convalescent period the suppressive effect of light decreased (Figure 4a ) and practically disappeared in the end of this period (Figure 4b ). This regularity is illustrated by curve 2 in Figure 2 . Here the suppressive effect is presented for the point of 40 mm in the kinetic curves during the whole period of the measurements. The effect of irradiation was low or practically absent when the blood of the healthy donor was irradiated.
The same regularity was valid in cases when other parameters of the light were used. In the acute period of the illness there existed strong dependences of irradiation effects on dose ( Figure 5) , pulse repetition rate (Figure 6) , and wavelength ( Figure 7) .
All those dependences were pronounced in the first 2-3 days of the disease (Figures 5, 6, 7) , gradually came close to the control data during the convalescent period (data not shown), and then practically disappeared, i.e. there was no practically significant difference between the CL values of control and irradiated blood of the healthy donor. In our experimental conditions the most effective dose for CL suppression was found to be 10 3 -10 4 J/m 2 ( Figure 5 ). The pulse repetition rate of 16 Hz was found to be ineffective, whereas the pulse repetition rates of 292 and 5000 Hz had almost equal and rather strong effects (CL suppression 50 -60%, Figure 6 ). Red (l = 660 nm) light was found to be more effective for CL suppression as compared with near IR radiation (l = 820 -950 nm) (Figure 7 ).
Discussion
In our experiments we found, first, that the irradiation suppressed the SCL of human peripheral blood depending on dose, wavelength and pulse repetition rate, and second, the suppression was strong only in the acute period of the illness, i.e. at a certain immunological status of the organism.
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Fig 2: Values of (1) SCL and (2) CL of irradiated (820 nm, 292 Hz, 1 x 10 4 J/m 2 ) blood at the time points 40 min after the beginning of CL recording during whole periods of measurements. The insets represent respective CL curves of (1) SCL and (2) CL of the irradiated blood. The result that the photoresponse is displayed not always but only under specific conditions, corroborates our earlier suggestion made for other cellular systems (16, 17) that the irradiation effect depends on the physiological condition of the object under treatment, the response of normally functioning cells and tissues being not very sensitive (if at all) to laser radiation. Recently, a very similar finding was described. (18) The authors of this work established that only some genetically defective strains of E.coli display an appreciable photoresponse under He-Ne laser irradiation: Actually only 'injured' cells whose normal rate of growth was particularly slow due to the presence of factors inhibiting cell reproduction, have been shown to be stimulated.
The results presented here enable us to answer the frequent question of both physicians and laser manufacturers about possible optimal laser light parameters. For
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T. KARU ET AL suppression of cellular oxidative metabolism (CL reflects an intensity of free radical processes connected with various oxidative reactions in cells 2 ) in human blood in our experimental conditions the optimal dose was in the range from 2 x 10 3 to 1 x 10 4 J/m 2 , higher pulse repetition rates (292 and 5000 Hz) had a stronger suppressive effect than lower ones (e.g. irradiation at a repetition rate of 16 Hz had no effect at all, Figure 6 ), and red light (660 nm) had a little bit stronger effect than near IR (Figure 7) . It should be recalled that very similar regularities were established when murine spleen suspension was irradiated and the luminol-amplified CL was measured in the same way. (11) Should these light parameters be also optimal for in vivo conditions? As far as pulse repetition rate and wavelength are concerned, the answer is certainly positive. One should also notice that the penetration of red and far red light (maximal near 760 nm (19) is the best at visible and near IR wavelengths. The question about the optimal dose is not clear. We irradiated a little amount (100 ml) of diluted blood. If one takes into consideration reflectance and scattering of tissue, it is clear that for the same effect be achieved in vivo as in vitro the dose should be much higher. This is the topic of special measurements and goes beyond the frames of the discussion of the present results. At least we can conclude now that there is a certain and not very broad range of optimal doses existing for suppression of free radical processes in blood. Let us also recall that the optimal dose range established in the present work (10 3 -10 4 J/m 2 , Figure 5 ) for human blood is practically the same as the optimal dose range for suppression of CL of murine splenocytes when the same wavelength and pulse repetition rate (820 nm, 292 Hz) were used and the luminol-amplified CL was measured by the same method. (11) The CL of the whole blood can, in principle, originate from both plasma (20) and cellular components. We performed special measurements of the CL of the blood plasma of the same donor. In our experimental conditions and measurements technique the luminol-amplified SCL of plasma was not above the background counting neither during the period of the illness nor in healthy conditions (results not shown). This result clearly evidences that the CL recorded in our experiments originates only from the cellular components of blood.
The next question of interest is from which types of cells CL originates. In our earlier experiments (11) we established correlation between the effect of laser irradiation (percentage changes of CL when murine splenocytes were irradiated at 820 nm and 292 Hz) and percentage of various cells in the irradiated suspension. In the present work the same approach was used. The results of linear regression analysis are presented in Tables 1 and 2. Table 1 contains correlation coefficients between SCL and percentage of various cells in blood, and Table 2 shows correlation coefficient between the effect of irradiation (suppression of SCL when irradiated at 820 nm, 292 Hz, 1 x 104 J/m 2 ) and percentage of various cells. The distribution of data has been found to be normal.
It is noteworthy that SCL depended practically on the ratio of all cells measured: On the percentage of lymphocytes and neutrophils statistically significant; and the correlations with percentage of monocytes and eosinophils were very close to the statistically significant values ( Table 1) . The results of the correlation analysis between the effect of irradiation and percentage of various cells in blood were quite different from the correlations with SCL ( Table 2 ). The only statistically significant correlation has been found with the ratio of eosinophils. Other correlation coefficients were far from statistical significance.
One additional remark should be made. The present study was concerned with the description of a phenomenon, a possibility of suppressing oxidative free radical processes in human blood, and the medical aspects of the problem were not under study. As a result of ORIGINAL ARTICLES SUPPRESSION OF HUMAN BLOOD CHEMILUMINESCENCE 33 the present experiments, we found a possibility to suppress free radical processes in human blood: Maximally 60% of the CL was suppressed depending both on the light parameters (wavelength, pulse repetition rate, dose) and health condition of the organism. The optimal irradiation parameters in our experimental conditions were the following: Dose range 10 3 -10 4 J/ m 2 ; pulse repetition rate 292 and 5000 Hz (16 Hz was ineffective); of all wavelengths under study (660, 820, 880, 950 nm), 660 nm was most effective (65% of SCL suppressed). Data from reference 11 n = number of correlation pairs. *p <0.05; †p < 0.08. Table 2 : Correlation coefficient r between the effect of irradiation (suppression of CL when irradiated at 820 nm, 292 Hz, 1 x 104 J/m2) and percentage of various cells in the blood or murine spleen suspension
